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Environmental enrichment should in the first place be designed to cater for the health and well-being of laboratory animals. Of equal importance is that it satisfies experimental demands. The by far most important experimental demand is for standardization. Standardization in experimentation has been introduced in the mid-20th century in order to reduce inter-and intra-experimental variability and to increase the reproducibility of results within and between laboratories. However, any housing or management procedure can be standardized, irrespective of economic and ergonomic demands. Although the variation in individual parameters may differ when measured in different housing conditions, an increase of complexity in housing conditions does not as a matter of course increase the variation in results (Dean 1999 , Eskola et al. 1999 , Tsai & Hackbarth 1999 . In view of the above, the introduction of standardized environmental enrichment for laboratory animals emphasizing speciesspecific behavioural needs would be a logical step fulfilling both the demand for improved animal welfare and the demand for standardization in the animal experiment.
Different kinds of environmental enrichment items for laboratory mice are commercially available, ranging from nest boxes and nesting materials to running-wheels and gnawing blocks (Mortell 2001) . Some of these commercially available enrichment items can comply with the demand for standardization. Furthermore, they usually comply with hygienic and ergonomic demands. Manufacturers recommend 'their' enrichment item as being user-friendly, not time consuming, and advantageous to the mice's well-being. The latter claim, however, usually lacks any scientific background and is sometimes assessed from an anthropomorphic perspective. Since the first and foremost aim of environmental enrichment is to enhance animal well-being, this is at least questionable. A better approach would be to choose the mouse's perspective when assessing benefits to animal wellbeing. Tests investigating the preferences for and use of enrichment items by mice are numerous, especially with regard to nesting material and nest boxes or shelters (see Baumans 1995 and Olsson & Dahlborn 2002 for a review). In general, mice show a strong preference for nesting material, irrespective of strain or gender (Van de Weerd et al. 1997 , 1998b . They make extensive use of different types of nesting material to build complicated nests. Nest boxes and shelters that have been tested in the past were much less preferred by mice, and often used as exploration objects or toilets, rather than as refuges and sleeping areas (Ward et al. 1991 , Van de Weerd et al. 1998a . Wild mice, however, used nest boxes as feeding posts, for storage of food, or to build nests for bearing and raising offspring (Truszkowski 1974) . Commercially available nest boxes are relatively easily applicable and standardized types of environmental enrichment for mice. We therefore thought it worthwhile to test the preference of mice for two commercially available nest boxes differing in shape and material: the Shepherd Shack or DesRes (SS/DR), and the Tecniplast Mouse House (TMH). Manufacturers of both nest boxes stated that their product is readily used as nesting area by mice, but failed to produce scientific evidence to back up their claims. In a pilot experiment, we conducted a simple preference test to investigate whether mice chose to sleep in either of the two nest boxes. In a more elaborate experiment, we further investigated the preference for one of the two nest boxes.
Experiment 1
The protocols of the experiments were approved by the Ethics Committee of the Veterinary Faculty of Utrecht University (IACUC), and peer-reviewed by the scientific and ethical committee of the Department of Laboratory Animal Science.
Methods
Nest boxes The Tecniplast Mouse House (Tecniplast, Milan, Italy) is a red transparent perspex triangular-shaped nest box (11.7 ϫ11.7 ϫ6.5 cm) with a small tunnel opening on the long side (5 ϫ3 cm) and an extra triangular opening in the top (4.5 ϫ4.5 ϫ6 cm). It weighs approximately 95 g. The Shepherd Shack (Shepherd Specialty Papers, Kalamazoo, Michigan US), also known as DesRes (Lillico, Surrey, UK), is a paper-based triangular-shaped nest box (14.6 ϫ8.9 ϫ6.4 cm) with one small hole (Ø4 cm) in the side. It weighs approximately 20 g (see Fig 1) . Both items are comparable in shape and volume; they differ in material and weight.
Animals and husbandry Forty-nine female mice of three strains (BALB/cANCrlBr (n ϭ13), C3H/HeNHsd (n ϭ10) and C57BL/6JIco (n ϭ26)) were used in this part of the study. The mice were aged between 6 and 18 months and had all been used previously for experimental or educational purposes with no more than minor discomfort. All mice were familiar with different kinds of environmental enrichment, but were naive to both the Shepherd Shack/ DesRes (SS/DR) and the Techniplast Mouse House (TMH). The animal room had a controlled photo and background noise period (lights and radio on between 07:00 h and 19:00 h), temperature (21-23°C), and relative humidity (50 Ϯ5%). Three days prior to preference testing, all the home cages were provided with a non-transparent PVC tube, similar to those used to connect cages in the preference test system, in order to familiarize the mice with the test system. The preference test system consisted of two Makrolon type II cages (375 cm 2 ) connected with a PVC tube (inner dimensions 2.6 ϫ2.6 cm, 25 cm long). All the test cages were provided with 50 g of sawdust (Lignocel 3/4, Rettenmaier and Söhne, Ellwangen-Holzmühle, Germany), and ad libitum food pellets (CRM, SDS, Witham, Essex, UK) and tap water. One of the test cages was additionally furnished with either a TMH (n ϭ7) or a SS/DR (n ϭ8). A total of 15 of these housing systems were used to allow simultaneous testing of all groups of mice. At the start of the experiment, 15 groups of three or four familiar mice were placed randomly in one of the two test cages and were allowed to choose a cage for a period of 2 days. After 2 days, the empty test cage was furnished with the other nest box. All groups could now choose between the SS/DR and the TMH for another period of 2 days. Finally, in the overall least preferred test cage, two Kleenex tissues (Kimberly-Clark Corporation ® , EC) were added for an extra 2 days. Data collection and statistics During the experiment, the nest site of the mice was determined by checking twice daily at 10:00 h and 15:00 h in which test cage the mice slept. Sleeping site within the cage (inside or outside nest box and/or tissues) was noted as well. Strain differences in preference as analysed using a 2 test were not present. Data of different strains were therefore pooled in subsequent tests. Data on test cage preference were analysed using a two-tailed binomial test with group as the statistical unit (SPSS 9.0). P values were Bonferroni corrected when more than one comparison was made (indicated by P B ). Descriptive statistics were used to outline the sleeping site within the test cages.
Results: Experiment 1
During the first 48 h of the test period, most groups of mice significantly chose to sleep in the cage containing a nest box (Fig 2, P ϭ0 .007). This was primarily due to a strong preference for the SS/DR (P B ϭ0.016).
All the groups slept inside the SS/DR. Preference for the TMH was not significant (P B ϭ0.906). From the five groups that chose the cage containing the TMH, two groups slept inside the TMH, and three groups slept outside the TMH. When mice were given a choice between the SS/DR and the TMH during the second test period of 48 h, they significantly chose to sleep in the SS/DR (P ϭ0.001). The single group that chose to sleep in the cage with the TMH did so in the sawdust outside the TMH. When tissues were provided in the cage containing the TMH, preference for the SS/DR was not significant anymore (P ϭ0.118). However, 11 out of 15 groups dragged the tissues to the SS/DR through the passage tube and built a tissue nest inside the SS/DR. The four groups that did not take the effort to drag the tissues built a nest of the tissues next to the TMH. None of the groups combined tissues with the TMH.
Experiment 2
To further investigate the preference for the SS/DR in comparison to nesting material, we compared the SS/DR in a more elaborate preference test with two types of paperderived nesting material: Kleenex tissues and Enviro-dri. In a previous experiment these were found to be most and least preferred, respectively (Van de Weerd et al. 1997) .
Methods
Animals Twelve male and 12 female mice of the BALB/cAnNCRLBr strain were used, different individuals from those used in Experiment 1. At the time of testing, the mice were about 6 months old, and were previously used for experimental purposes with no more than minor discomfort. Half of the male and half of the female mice were familiar with the SS/DR, and half of them were naive. The mice were housed in same-sex groups of three in elongated Makrolon II cages (530 cm 2 ), provided with sawdust, food pellets and tap water in conditions similar to Experiment 1. Three days prior to preference testing, all the home cages were provided with a non-transparent PVC tube, similar to those used to connect cages in the preference test system in Experiments 1 and 2, in order to familiarize the mice with the test system.
Preference test system The preference test system used in this study has been validated and described in detail by Blom et al. (1992) . In short, a housing system was used consisting of four test cages connected to a clear perspex central cage (15 ϫ15 ϫ18 cm) . The test cages were Makrolon type II cages (375 cm 2 ) provided with 50 g of sawdust, and ad libitum food pellets and tap water in a bottle as described in Experiment 1. The central cage had no food, water or bedding (Fig 3) . A total of six of these housing systems were used to allow the simultaneous testing of six mice. To minimize any external influences on choice behaviour, each system rotated slowly during testing. The movements of the mice between the test cages were detected automatically by means of photoelectric sensors in the passage tubes. The signals were sent to a computer that calculated dwelling times per cage (Gate-Watch, Metris BV, Hoofddorp, The Netherlands).
Procedure and data collection Mice were introduced into the test system between 15:00 and 18:00 h and dwelling times in each of the test cages monitored over three periods of 24 h. During the first 24 h, the mice were given a choice between a control cage without enrichment, a cage provided with an SS/DR, a cage provided with 5 g of Enviro-dri (ED; folded paper strips, 11 ϫ0.3 cm, Shepherd Specialty Papers, Kalamazoo, Michigan, USA), and a cage provided with both SS/DR and 5 g of ED (combi). At the end of Period 1, the most preferred cage was closed by a trap door, and however, some datasets revealed small gender differences. Gender was therefore included as a factor in the final preference analysis. The preference for a cage was tested with an analysis of variance for repeated measures with cage as the within factor, and gender as the between factor. If an overall cage effect was present, differences between dwelling times in two cages were tested with a paired t-test including cage (all test periods) and gender (Period 1) as factor. In this way, six comparisons were made for the first 24 h period and final 24 h period, and three comparisons were made for the second 24 h period (since during this period, one cage was closed). A Bonferroni correction (P value times 6 or times 3, respectively) was applied to correct for type II statistical errors. All statistical tests were carried out using SPSS for MS Windows Release 9.0. Due to technical failure, datasets of some animals at certain time periods were not reliable. These were therefore omitted from statistical analysis. The number of valid datasets (out of a total of 24) in each of the three time periods was 19, 21 and 21, respectively.
Results: Experiment 2
During all three time periods, dwelling times in the test cages differed significantly (see Table 1 ). Furthermore, an overall gender effect was present during the first test period. This was due to the fact that female mice spent more time in the central cage than did male mice. This gender difference had therefore no effect on the final comparisons between cages.
The three test periods In the first test period, mice could choose between a control cage (control), a cage with SS/DR, a cage with Enviro-dri (ED) and a cage with both SS/DR and ED (combi). Paired t-tests of the first 24 h period reveal that both male and female mice dwelt significantly longer in the combi cage (Fig 4, all tests: P Ͻ0.001) . Furthermore, dwelling times in the SS/DR cage were significantly higher than in ED cages (P ϭ0.042), and higher than control cages, although this was only a trend (P ϭ0.060). Dwelling times in control and ED did not differ significantly. From this first test period, the combi cage was clearly the most preferred cage. For the second test period this cage was subsequently closed by a trap door, forcing the mice to shift their preference to a previously less preferred cage, the choice being between control, SS/DR or ED. Paired t-tests reveal that the SS/DR cage was now highly preferred by both male and female mice (both tests: P Ͻ0.001) while dwelling times in control and ED cages again did not differ significantly (Fig 4) . At the start of the final test period, Kleenex tissues were provided in the control cage, and the trap door to the combi cage was re-opened. The choice for the mice was therefore: tissues, SS/DR, ED or combi. Paired t-tests reveal that, again, the combi cage was the most preferred cage (all tests: P Ͻ0.001). Dwelling times in other cages did not differ significantly (Fig 4) .
Dragging of nesting material and sleeping area In many cases, the mice dragged both Enviro-dri and Kleenex tissues completely or partially to the SS/DR or combi cage (Table 2) . Furthermore, if a cage containing an SS/DR was the preferred cage (as in almost all cases), the mice always used the SS/DR to sleep in. 
General discussion
The first experiment clearly showed that mice had a strong preference for the Shepherd/Shack compared to the TMH. Almost all the mice used the SS/DR for sleeping and, when available, dragged nesting material into it to build elaborate nests. Several studies have indicated a strong preference of mice for tissues. If available, mice will almost always use it to build a nest (Van de Weerd et al. 1997 , 1998b , Olsson & Dahlborn 2002 . Combining features of the least preferred cage (TMH) with tissues could therefore provide information on the strength of preference for the most preferred cage (SS/DR). The preference for the SS/DR was not significant when tissues were provided in the cage containing the TMH. Still, one would not expect any of the mice to drag tissues to a nest box in another cage if a suitable nest box is already present in the cage containing tissues. After all, dragging tissues through a small tube is energy and time consuming. Dragging of nesting material through a small tube has been observed before in a preference test by Van de Weerd et al. (1997) . In this test, approximately 50% of the mice combined two types of nesting material by dragging one to the other. In a subsequent test in which tissues were presented on a grid floor, none of the mice dragged these tissues to the cage containing sawdust or to a metal nest box that was previously preferred while comparing a series of nest boxes (Van de Weerd et al. 1998a) . It seems, therefore, that dragging of nesting material only occurs if the other cage contains features that are attractive to the mice or when they want to avoid a certain feature.
The first experiment was solely conducted with female mice. It is possible that male mice would demonstrate a different preference; however, results from the second experiment and from previous preference tests ( Van de Weerd et al. 1997 , 1998a indicate that enrichment preferences of male mice do not differ drastically from those of female mice.
The second experiment confirms that mice show a strong preference for the SS/DR. In this experiment too, 62% (ED) to 88% (tissues) of the mice dragged nesting material to a cage containing an SS/DR. In view of the results presented here, and the experiments performed by Van de Weerd et al. (1997 , 1998b , one might presume that the SS/DR has features which provide added attractive value to mice with regard to their choice of nesting area. The TMH seems to be lacking these features (this paper) as do other perspex or metal nest boxes (Van de Weerd et al. 1998a ). The SS/DR and the TMH differed with regard to construction material (rough surface paper vs smooth surface Perspex, respectively), and weight (light vs heavy, respectively). These features make it possible to manipulate the SS/DR, while the TMH is more rigid. The TMH always stayed in position once placed in the cage, while mice usually moved around and manipulated the SS/DR. We observed several mice lift the SS/DR, so that it randomly provided an exit anywhere in the nest box. Other mice nibbled an extra hole in the side, or shredded part of the box, using the shreds to strengthen their nest. We also observed that some groups had tossed the SS/DR over, thus creating a 'rocking-chair' in which a nest was built. For future research, systematic gathering of more detailed information on the use of (Weiss 1972 , Wiepkema & Koolhaas 1993 , Sambrook & Buchanan-Smith 1997 . Several authors have argued that active behaviour may have a reward value in itself, i.e. that an animal's needs may lie as much in the 'doing' as in the 'achieving' (Hughes et al. 1989 , Jensen & Toates 1993 , Wemelsfelder 1997 , Poole 1998 . Items providing for this need, such as the SS/DR and nesting material, would thus be more suitable enrichment items than rigid structures such as the TMH. This is in concordance with results from a previous experiment in which we compared a rigid shelter with tissues as environmental enrichment (Van Loo et al. 2002) .
Concluding remarks
The most important aim of environmental enrichment is to meet essential behavioural needs of animals in order to improve their well-being in captivity. This paper provides evidence that some commercially available enrichment items are more suitable in this respect than others. It seems, however, that the design of environmental enrichment items for laboratory animals is primarily based on human demands (standardization, economy and ergonomics), without scientific evidence that these items meet the animals' needs and preferences. We strongly question whether this is the way towards an improvement of animal welfare. To comply with the animals' needs while keeping in mind human requirements, we propose that the ultimate standardized enrichment item should be designed and tried on the basis of knowledge that has been gained from many enrichment studies already performed.
